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; : THE SLEEP OF LONG-HAUL TRUCK DRIVERS

MerriLL M. MITLER, PH.D., Jamis C. MILLER, PH.D., JerFrey J. Liesitz, M.D., James K. WaLsy, Pr.D.,
anp C. Dennits Wyiie, BLA.

Background Fatigue and sieep deprivation are im-
portant safety issues for long-haul truck drivers.
Methods We conducted round-the-clock electro-~
physiologic and performance monitoring of four
groups of 20 male truck drivers who were carrying
revenue-producing loads, We campared four driving
schedules, two in the United States (five 10-hour
irips of day driving beginning about the same time
sach day or of night driving beginning about 2 hours
earlier each day) and two in Canada (four 13-hour
trips of late-night-to-morning driving beginning at
about the same time each evening or of afternoon-
to-night driving beginning % hour later each gay).
Results Drivers averaged 5.8 hours in bed per
day and 4.78 hours of electrophysiologicalty verified
siesp per day over the five-day study (range, 3.83
hours of sleep for those on the steady 13-hour night
schedule 1o 5.38 hours of sieep for those on the
steady 10-hour day schedule). These values com-
pared with a mean (+SD) self-reported ideal amount
of sleep of 7.1%1 hours a day. For 35 drivers (44 per-
cent}, naps augmented the sleep obtained by an av-
erage of 0.45x0.31 hour. No crashes or other vehicle
mishaps occurred. Two drivers had undiagnosed
sleep apnea, as detected by polysomnography. Two
other drivers had one episode each of stage 1 sleep
while driving, as detected by electroencephalogra-
phy. Forty-five drivers (56 percent) had at least 1 six-
minute interval of drowsiness while driving, as judged
by analysis of video recordings of their faces; 1067 of
the 1989 six-minute segments (54 percent) showing
drowsy drivers involved just eight drivers.
Conclusions Long-haui truck drivers in this study
obtained iess sleep than is reguired for aleriness on
the job, The greatest vuinerability to sleep or sieep-like
states is in the late night and early morning. (N Engl
J Med 1897;337:755-61.} o
©1997, Massachusetts Medical Society.

ACH vyear, over 110,000 people are injured
and more than 5000 are killed in the Unit-
ed States in motor vehicle accidents involv-
ing commerdal trucks] Estmartes of the
percentage of crashes that are partially or completely
arrributable 1o fatigue range from 1 to 56 percent,
depending on the data base examined and the level
of detail available from crash investigarions.??
There is increasing public and regulatory interest
in the health consequences of fatigue, slecp depriva-
tion, disruption of circadian rhythms, and slecp dis-
orders.* Driver fatigue was recently judged 10 be the
number-one problem in cornmercial transportation.®
In 1988, Congress directed the Federal Highway Ad-
miniscration o study driver fadgue and irs implica-
tions with respect to federal regulations that hmit
daily and weekly driving times for commercial truck-
ers. The study consisted of 24-hour elecorophysio-
logic and performance monitoring of 80 uck drivers
who carried revenue-producing loads (loads carried
in the course of their emplovers’ normal business)
and who were working day, night, or irregular shifts
on common North Armerican routes. We report on
the sleep and drowsiness data from that study.

METHODS

Design of the Study

Driving schedi.2s that represeneed the most demmanding oper-
ations permissible were selecred from the ULS. and Canadian
rrucking industries. In both counties the longest time on dury
per day (which includes the time spent driving plus all other time
at work) for drivers is 15 hours, the shorest off-duty time is
8 hours, and the longest time on duty during a seven-day period
is 60 hours. However, drivers can drive only 2 total of 10 hours
without having 8 hours off in the United States and 13 hours
without & hours off in Canada. We used 2 parallel-group design
to compare four driving schedules, two in the Unized States and
™o in Canada. The design and the associated informed-consent
form were reviewed and approved by the Federal Highway Ad-
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ministration of the U.S. Department of Transportation and by the
Transportation Development Centre of Transport Camada. The
trucking companies thar contribuzed trucks and personnel asked
not to be identified.

We studied two schedules for the route between St Louis and
Kansas City, Missouri: a *10-hour, stcady day schedule™ consisted
of five rips beginning at 9 a.m. each day, and a ¥10-hour, ad-
vancing night schedule™ consisied of fve wips, with the firse gip be-
ginning ar 9:30 a.m. and subsequent mips beginning 2 o 3 hours
carlier on ecach of the following days. We studied rwo schedules for
the roure benwveen Toronro and Mongreal: 2 “].3-hour, sesady night
schedule™ consisted of four wips beginning at about 11 pu. each
cvening, and @ “13-hour, delaying evening schedule™ consisted of
four trips, with the first beginning at 11:30 a.m. and subsequent
wips beginning 1 hour later cach day. All four schedules involved
trucks and drivers engaged in revenue-producing runs beowesn

these cities.

Subjects

The subjects were 80 male, licensed commercial drivers, 40
from the United Srates and £0 from Canada. Tweary were as-
signed to each schedule. The subjects were recruited through par-
sicipating trucking companies. The drivers were told the purpose
of the study and asked to participate, From among these who vol-
unreered, drivers were selected so that the average age of the driv-
ers on each schedule was similar. All drivers read and signed an
informed-consent form that detailed the study procedures. All
drivers followed their appointed routes and successfully compler-
ed the study. Ar any time, drivers were free o stop and rest ot
nap or to withdraw from the study. The drivers had no financial
incentive or disincendve to take naps. There was 2 uniform pay
seneme for all dovers, bur individual rates of pay varied depending
on such factors as seniority and geographic location. The drivers
were also compensated for spending their principal sleep periods
irs our taborarories and for cngaging in other study-relared tasks.

Data were collected in the United States between June 14 and
August 22, 1993, and in Canada berween Seprember 27 2nd De-
cember 3, 1993,

Each.driver completed a questionnaire on demographic char-

acteristics and slesp habiws.t The items on the quesdonrnaire were
similar to those of populadon-based surveys by the Gallup Or-
ganization” and the American Cancer Sociery.® Table 1 summa-
rizes the drivers” schedules, demographic chammereristcs, and per-
ceived need for slesp as reportied on the quesdopmire. The
estimate of perecived need for sleep indicared that our ssmple was
representative. Respondents in a Gallup sorvey of the general
populadon of the Uaited Stares were asked, “Hoe mzny hours of
sicep do you feel vou need each night in order o romain ajert
during the daytime:™ The mean [£5D) was 7.221.2 hous.”

The slectroencephalogrem and cye movemens were recorded
congdnuously, yielding over 7500 hours of dam ?* Fach ouck was
cquipped with an indared Video systern thar conrinnoosy record-
=d views of the driver’s face and the road abead and 2 compurer
that recorded the Tock’s speed and road posiion and zllowed all
darz w0 be synchromized. The video recordings werc sampled
every half-hour, and various judgments were made, mcluding
wherher the truck w=s moving and whether the driva appeared
drowsy on the basis of drooping eyelids and 2 bobbing head.?
The results were enr==d into 2 reladonal dama bese thar permitted
assessment of episodes in which a driver appeared drowsy while
driving in terms of ther frequency during the four schedules and
their disgibution over the day and night.

Polysomnography during Principal Sleep Periods

Each driver derermmined his own bedrimes and swakexdng times
according to his driving schedale. The prindpal period of sleep
was defined as the longest period of sleep in 2 2-4-hoor period.
Drivers siept in roos:s near their wavel routss. During sdeep tin
elecoodes {Oxford Insmumens, Abingdon, United Xingdom)
were used for cenme! and occipital electroencephalogohy, as-
sessment of the movemnents of both eyes, and clectrorsvogzaphy
of the chin, for polysomnograshic scoring.t! Respirato:s zir dow
and efort were also monitored and pulse oximeny w15 per-
formed. The instruments were booked up 60 1w 90 mmmes be-
fore the first period of sieep, Bad leads were rrplaced 224 respi-
ratory sensors reapplicd as meeded

Pohvomnographic data wit gathered on Oxford Medilog
9000-TI recorderst? znd subsequenzly stored on oprcd Sia Oxi-

TABLE 1. DRNING SCHEDULES anD CHARACTER:STICS OF 30 Long-Hatl TrUCK DRIVERS.™

PERCEVED
DRIVING MNo. oF Bopy-Mass AMOUNT oF
SCHEDWLE DESCRIFTION OF SCHEDULE Drrveps Az HzeHt  WaGHT inpext SLEEP Ne=mens
_;'r =m kg hr
Steady day 10 hours of driving beginning 20 49=8 179=5 94=>13 29.2=3 7.0=1
ar about the same time cach
mortning (% a.m.} for 3 wips
Advancing 10 hours of driving beginning 20 4t=1}  13i=5 99x22 30.0=5 7.0=1
nigit ar 9:30 a.m. on day 1 and
2 to 5 hours carlicr on each
subsequent day for 5 orips
Steadv night 13 hours of driving beginning 20 +0=11  130=8 92=lg  28.6=6 6.9=1
at abour the same time cach )
cvening {11 p.m.) for 4 mips
Delaving 13 hours of driving beginning 20 38=7 179=8 89=1+ 27.9=: 7.8=1
cvening at 11:30 a.m. on day 1 and
1 hour Yater on cach subsc-
quent day for 4 trips
All schedules 30 43z10  180z=5  S4=17  289=F 71=1

* Plus—minus values are means =5D,

§The body-mass index is calculated 25 the welz

$Drivers were asked to respond o the following
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in kilogrames divides by the square o the hei= = meters.

*My ideal zmount o sleep i X hovzn ™
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metmc measnrements were processed by Profox software!? and
then mensferred to optcat disks. The data obrained during pringi-
-pal sleep periods were scored on an Oxford 9200 systzm by expe-
rienced technologisss using 30-sccond segmenss! For the sieep
variables that we measured, the reliability of scoring and rescoring
has previosly been shown to exceed 0.90 for individual mained
technologists and 0.80 berween technologists. ¢ We ensured that
scoring would be consistent by rescoring randomiy selecred rec-
- ords, having regolar staff meetings, and reviewing the dam. Al
though this study was not designed o measure the prevalence of
sicep-clisordercd breathing in commercial driyers, we eould iden-
tify skeep apnea by the presence of repid, repeated periods of de-
saruradon (2 drop of more than 4 percent in the oxygen saturatoR
value thar lasted less than three minures) on oximery and scoring
polysomnographic records using clinical criteria.!#¢

Electrophysiologic Recarding during Driving

After the principal periods of sleep, respiratory sensors were dis-
connected from the drivers and the remaining leads were checked.
Scorers were unaware of the drivers’ actvity or truck speed and,
far finer temporal resolution, used 20-second scoring periods dur-
ing hours in which drivers were supposed to be awake.!!

+

Statistical Analysis

We examined the frequency diswriburion of the duradon of
sieep across al} drivers and found thar the homogeneity-of-vari-
ance essumption was tenable and that the distribudon appeared
unimodal and nonskewed. Univariate, repeated-measures analysis
of varizficel? was our basic analytic tool. All reporied P values are

>, twotaied.
' RESULTS

The 80 drivers had a total of 400 principal sleep
periods (5 for each driver), 200 10-hour wips, and
160 13-hour trips. Over 96 percent of all data points
fom the principal sleep periods were collecied. Our
software required all data points, so missing dara
were replaced with means for the driver in question.
The results of analyses of variance that replaced miss-
ing data with the grand means rather than means for
the subject were simnilar.

Work and Rest Schedules

The drivers were given only general guidance about
when they could rest during their schedules. How-
- ever, we knew, from model parterns of work and
rest, that it was possible to have eight hours off duty
on any of the four schednles on most days. We esti-
mated the lengths of time off during all 280 inter-
vals berween trips from the, departure and return
~ times of the trucks recorded by on-board computers
or fTom our technicians’ notes. There were 33 inter-
vals (12 percent) during which the drivess had less
than 8 hours off duty (average tme available, 7.4
. hours), when they were not involved in job- or study-
related marters (10 on the advancing night schedule,
12 on the steady night schedule, and 11 on the de-
laying evening schedule).

Sleep

The amount of sleep a subject could have was de-
fined by the amount of time spent in bed plus the

.. opportunity for napping. The average length of time

spent in bed during principal sleep periods and the
aumber of naps taken are shown in Table 2. Among
all drivers, the average time spent in bed was 518
hours. There was a significant difference (P<<0.001)
berween schedules, with the shortest dmes in bed
occurring on the steady night schedule and the
longest times on the steady day schedule. The young-
er drivers (average age, 36 years) spent more tme I
bed (5.34 vs. 5.03 hours, P=0.02) than the older
drivers (average age, 50 years).

The periods of sleep latency (the length of dme
berween turning off the lights and falling asleep)
were 19.3 minutes for drivers on the steady dav
schedule, 12.9 minures for drivers on the advandng
night schedule, 7.4 minutes for drvers on the steady
night schedule, and 14.8 minuzes for drivers on the
delaving evening schedule. The difference berween
the groups was significant (P<0.001). The overall
average period of sieep latency was 13.6 minutes.

The drivers slept for an average of £.78 hours, or
abour 2 hours less than their reported average ideal
sleep (Table 1), Table 3 shows the duraoon of sleep
according to the four driving schedules and the fve
principal periods of sleep. There was a significant ci-

TagLe 2. TEZ AVERaGE TiME SpexT X BEp 4D THE TOTal
NUMBER OF NAPs TAXEN DURING TEE STUDY, ACCORDING TO
THE AGE AND SCHEDULE oF THE Drnzas.”

Dpnving SCHEDULE YoUNGER DRvERs Ob= Devers AU Drv=s

All schedules

Avcrage Time in bed (hr) 5.34 :.037 5.18

No. of drivers 40 <0 20

Age (1) 36=7 ’ El=9 43z10

No. of naps 32 31 63
Steady day

Avcrage time in bed {hr) 5.95 5.61 5.78%

No. of drivers hil 16 20

Ame (yr) 43+5 35=4 40=38

No. of naps 10 3 13
Advancing night

Average time in bed (hr) 3.27 £B3 5.10%

No, of drivers 10 10 20

Age {yr) 34=6 53=3 4411

Xo. of naps 3 10 13
Steady night

Average time in bed (hr} 4,58 .16 4572

No, of drivers 10 e 20

Ape (1) 33=6 49=7 40=12

No. of naps 11 11 22
Delaving evening

Avcrage time in bed (hr 5.55 24D 547%

No, of drivers 10 10 20

Age (1) 33x£ i:=3 38=7

Xo. of naps g 7 15

*Plus~minus vaines are means =50, A 2o wes dooad 2 an cpisods o
sicep outside the principa! sicep period thez conld e soored with the o=
of clecuographic critcria. The average age of the voorger driverss wes 35
vears, and the averzge age of the older drives was 5 ymans.

4P=0.02 for the differmnce berween ags gFOUps.

=P<0.001 for the differmmce with the oy drvies schedules, by anzirss
of variance.
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TABLE 3, AVERAGE DURATION OF SLEEP DURING THE
Erve PrINCipAL SLEEP PERIODS, ACCORDING TO
THE DRIVING SCHEDULE.™

OVERALL

DrivinGg SCHEDULE Pznaico oF SLeep AVERAGE
1 2 3 4 5
haurs of sieep

Steady day 5.37 3.13 5.64 5.37 541 5.38
Advancing night  6.36 4.54 473 4.35 5 4.76
Steady night 3.22 3.88 2.4] 438 3.38 3.83
Delaying cvening  6.73 £.75 4.71 5.16 4,27 512
Owerall averags 5.42 457 1,87 4,79 £.23 4.78

*There was 2 significant differsnce among driving schedules (P<0.001
by analysis of variance). The intzmmction berween driving schedule and pe-
riod of siccp was also significant {P<c0.001).

fect of schedule on the duration of sleep (P<<0.001),
with the longest average durations (5.38 hours) on
the steady day schedule and the shortest (3.83 hours)
on the steady night schedule. The period of sleep also
had 2 significant effect (P<<0.001): the longest and
the shorest slieep durations occurred in first sleep pe-
nods. There zlso was a significant interaction between
schedule and sleep period (P<<0.001). Although sev-
eral interpretations are possible, the simplest is that
the durarions of sleep in periods 2 to 5 are typical
of the various schedules, whereas the durations of
sleep in period 1 vary because drivers were coming
back to work after being off dury for at least 24
hours. The vounger drivers stept for an average of
4.94 hours per principal sleep period, as compared
with 4.61 hours for older drivers. Although signifi-
cant (P=0.02), this difference was small and is at-
triburable to the fact that younger drivers spent 0.32
more hours in bed per principal sleep period than
older drivers.

Sieep efficiency (the ratio of the rime asleep to the
rime spent in bed) exceeded 0.9 for all schedules.
Sleep efficiency as well as other measures sensitive to
sleep disturbance, such as the number of awakenings
during the sleep period, indicated that sleep during
principal periods was well consolidated {data not

shown).

Naps

A nap was defined as an episode of sleep outside
the principal sleep period that could be scored with
the use of electrographic criteria. Drivers took 0 to
3 naps per day for a rotal of 63 naps (Table 2). Nei-
ther age nor schedule was predictive of the number
of naps.!8

Thirty-five drivers took at least one nap. Naps in-
creased the total amourn of sleep obtained by an av-
erage of 0.45x0.31 hour (range, 0 to 1.63 hours),
or 11 percent.

758 - September 11, 1997

Respiration during Sleep

Pulse oximewy disclosed repeated periods of desat-
uration in two drivers, who were 49 and 55 years of
age. Both were on the steady day schedule. Polysom-
nography revealed that both drivers had sleep apnea,
with 10 to 30 respiratory events per hour. However,
the sleep dam for these drivers were not substanrally
different from those of the other drivers.

Drowsiness or Sleep atmong On-Duty Drivers

To assess the frequency of drowsiness or sleep
arnong drivers while they were driving, we focused
on the rimes when the trucks were traveling fester
than 72 km per hour {45 miles per hour), according
to computer records. Using the same scoring criteria
applied to the principal sleep periods!! we idendded
one tip by a 30-year-old driver and one trip by a
25-year-old driver involving 2 total of seven episodes
with electrographic features of drowsiness, such as
slow, rolling eye movements and clecooencephalo-
graphic alpha activity. These episodes qualified as
stage 1 sleepd! Stage 1 sleep, the lighrest stage of
non-rapid-eye-movement sleep, is characterized by
2 relatively low volrage, mixed-frequency elecooen-
cephalogram with prominent activizy in the range of
2 to 7 Hz. There were other episodes of electroen-
cephalographic slowing and slow, rolling eye move-
ments of imsufficient duration o be scored as sizge
1 sleep.

The 30-vear-old driver, who was on the steady
night schedule, had five episodes of stage 1 sleep be-
tween 11:12 p.m. and 11:53 p.m. (duration, 20 w0
520 seconds) during his first wip. The subject had
been driving for 10 howurs and 15 minutes when cae
first episode occurred. The 25-year-old driver, who
was on the delaring evening schedule, had two stzge
1 episodes az 2:24 a.m. (Fig. 1) and 4:38 a.m. (du-
ration, 60 and 80 seconds, respectvely) during his
fourth trip after 9 hours off dury. The subject had
been driving for 2 hours and 3 minures when the
first episode occurred. Neither driver showed evi-
dence of sleep apnea.

Of the total of 29,310 six-minuze video record-
ings of the drvers’ faces that we analyzed, 1989 of
the segments (7 percent) were judged to show a
drowsy driver, Forty-five of the 80 drivers (56 per-
cent} were judged to be drowsy in at least one s2g-
ment, but 1067 of the 1989 segmenrs {54 percent)
showing drowsy drivers involved just 8 drivers. Five
of these drivers were on the steady night scheduie,
two were on the delaying evening schedule, and one
was on the advancing night schedule.

Table 4 shows the number of segients in which
drivers were judged to be drowsy according to the
driving schedule and time of day. Of the 1989
segments in which the driver was judged te be
drowsy, 1646 (83 percent) occurred between 7 p.m.

and 6:59 a.m. The average ‘number of consecurive
i .
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Figure 1. Electrographic Data Showing Sleep-Like Patterns in 2 25-Year-Old Driver on the Delaying Evening Driving Schedule.
This 20-second segment, recorded while the subject was driving, began at 2:24 a.m. There are slow, rofling eye movements (the
large curves on the eye-movement tracings), a high level of aipha activity throughout the occipital tracing, and largs peaks and
troughs in the middle section of the central tracings, which are known as paroxysmal hypnagogic hypersynchrony.'s

TaAgLE 4. Six-MINUTE SEGMENTS OF VIDEO RECORDINGS JUDGED TO SHOW 4 Drowsy
DRIVER, ACCORDING TO THE TIME OF DAY AND DRIVING SCHEDULE."

DRMNG SCHEDULE 7 A TO B:59 P, 7 .M. TR B:59 AM. TOTAL
NO. OF NO. OF NO. OF
SEGMENTS  PERCENT SEGMENTS  PERCENT SEGMENTS  PERCENT
All sehedules
Drowsy driver 343 2.19 1,646 12.06 1,989 6.79
Toml 15,660 13,650 29,310
Steady day
Drowsy driver 53 1.07 47 2.63 100 1.49
“Toral 4,940 1,785 6,725
Advancing night
Drowsy driver 2] 2.08 222 B.04 213 4,38
Toral 4,385 2,760 7145
Steady night
Drowsy driver 151 4.79 739 16.37 890 1161
Toral 3,150 4,515 7,665
Dclaving cvening
+ Prrowsy driver 28 1.51 638 13.90 686 8.82
Toral 3,185 4,590 7,775

1

*The tora! number of six-minute scgments of driving for each snuy in the mable was used 25 a
denominatot. Since the video recordings were sampled every 30 minutes, we cstimated the required
number by countng, for cach enwy in the wbic, the number of these 30-minutc sampling periods
thar ocoarred white the truck was moving at 2 normal speed {as opposcd to bzing parked or stopped)
and multiplying this number by 5, since 30 minures cquals five G-minute segments. According to
these calculagons, there were 29,310 six-rninute segments during which & driver could have been
judged 1w be drowsy while driving.

Volume 337 Number 311 - 759
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segments in which the driver was judged o be
drowsy was 6.44 (range, 1 to 37; mode, }; median,
4). The driver on the delaying evening schedule
whose elecrroencephalograms showed stage 1 sleep
while driving had video records in which he was
judged to be drowsy at or near the time when stage
1 was recorded. The other driver in whorm stage 1
sleep was recorded did not have any corresponding
video records in which he was judged to be drowsy.

DISCUSSION

Round-the-clock electrographic dara were collect-
ed for four parallel groups of 20 Jong-haul truck
drivers who were working 10-hour driving schedules
in the United States or 13-hour schedules in Cana-
dz. Two of the 80 drivers had sleep apnea derected
on the basis of polysomnographic criteria. Drivers
averaged 5.18 hours ia bed and 4.78 hours of sleep
per day. This amount of sleep was about two hours
iess than their reported ideal.

One lisnitation of our study was thar the drivers’
estimates of their ideal amount of sleep were ob-
tained from gquestionnaires rather than recordings of
thé men’s sleep when they were not at work. How-
ever, only 19.3 percent of a representative sample of
men reported sleeping less than five hours 2 nighe”
The sleep durations we did observe were much
shorter {4.78 hours) than most standards. Sleep-
restriction experiments show that a person’s tend-
ency to fall asleep during normal waking hours in-
creases if he or she has slept less than six hours
and also increases with successive davs of restricted
sleep.920 Psychomotor performance is impaired if
sleep is limited to five hours for two or more con-
secutive nights.'*21 It is also known that getting few-
er hours of sleep leads to inartention and increased
error rates and that lictle sleep and circadian influ-
ences act synergistically.® Night driving after rel-
atively little sleep is a berrer predictor of fatigue-
related accidents than is night driving alone.?® An
anahvsis of accidents involving commercial trucks
found that drivers in farigue-related accidents had
siept an average of 3.5 hours during their last sleep
period, as compared with 8.0 hours of sleep for driv-
ers in non-fatigue-related accidents.?

Another limitation of our study is related 1o sam-
ple size. Since we used a parallel-groups design, each
driver could not be studied on zll schedules. Never-
theless, the demographic characreristics and ideal
sleep times reported by the drivers indicared that the
four groups were comparable. The short times spent
in bed, found in 2l] schedules, are disturbing and are
arrributable in part to driver choice. Our study re-
quired no more than 50 to 60 minutes of the driv-
ers' time per day, and over 88 percent of all inter-
vals between mips still allowed an opporwunity for
8 hours off dury. Paossible reasons for such short
rimes in bed include durty-related demands, involve-
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ment in social acmvities, and time-of-dav effecrs,
which reduce one’s inclinarion to go to bed during
davlight.

The short duratiens of sleep — the inevimable re-
sult of short times in bed — probably explin the
findings suggesting that the drivers got wo lirde
sicep. We found high rates of sleep efficiency (the ra-
tio of the time asleep to the time spent ip bed), an
observation thart is consistently reported in sleep-
restriction studies® and indicates an increased tend-
ency to sleep. Thirty-Gve of the 80 drivers rook naps,
which averaged (.45 hour and augmenred rthe
amount of sleep obtained by 11 percent. Two drivers
had episodes of stage 1 sleep while driving.

O’Hanlon znd Kelley also found sleep-like pat-
zerns in electroencephalograms of subjects who were
driving.® In our study, the episodes of stage 1 sleep
occurred while the subjects were driving berween
11 p.m. and 5 a.m., suggestng a circadian infiu-
ence. The observed nightrime increase in drowsi-
ness, as assessed by analysis of video recordings of
the drivers’ faces, was consistent with the expected
effects of circadian infleences, decreased somuli dur-
ing night driving, and too little sleep.

On the basis of availeble rates of accident severe
enough 1o be reporied to the Department of Irans-
portation,? and making no adjustments for roads
and schedules, one would expect one acadent in-
volving a combinadon truck (a tactor pulling one
or more trailers) zbour every 1.9 million km (1.2
million miles). During this study the trucks mvolved
were driven about 327,000 km (204,000 miles).

Thus, we did not expect an accdent, and in fact, -

none occurred. Since no episode of sleep-kke elec-
roencephalographic patterns was associaed with a
crash, the drivers were probably drowsy duriag these

episodes but not actually asleep. During normal

sleep, there is marked unresponsiveness o stimu-
1i* that would preclude safe drving. Thus, it may
not be correct to wse standard sleep-scoring crizeria
for records obtained when the subject is behaviorally
active as opposed to bying in bed.*

Truck drivers in the study obtained less sleep than
is required for alertmess on the job and the greatest
vulnerabiliry to unwanted sleep or sleep-like states
was during the late night and early morning, 2 find-
ing that is consistent with published datz on other
industries.?® Other smudies bave shown 2 smaller
midafternoon_period of vulnerability to uswanted
sleep.305l We may have missed derecting such a pe-
riod because there was considerable irregianity in
the times that drivers were on dury and there were
only 20 drivers on any one schedule.

Since physicians are 2 primary source of ixorma-
tion abour fitness for dury and it reladon w sleep,
they should be alert o the possibility of slezp depn-
vadon in people who engage in shift work. I is also
important to recognize the delererious synerzsdc ef-

H
o -
{

1

e gt




PR AR T R § ) I IR BT N I T s Mo ey e, a0t

L3
&
E
R
T
B

A TR TR By T e

e TSR e o e AT R P R TN

THE SLEEP OF LONG-HAUL TRUCK DRIVERS

fects on alermess of alcohol and other sedatives in the !
presénce of sleep deprivation or medical conditions
known to increase the tendency 1o fall asleep, such as
sleep apnez. 323 Our findings underscore the need 10
educate workers and schedulers abour the imporrance
of adequate sleep with respect to public safety.

S$upported by conmacts (DTFHG1-85-C-096 o Essex Corporation and
DTFH6E1-90-C-053 1o the Trucking Rescarch Instiare} with the Federal
Highway Administrazion, with subconzracts to the Seripps Ciinic. Mr.
Wylic was employed by Essex Corporation at the time of the study.

The views cxpressed in this article are solely chose of the authors,

We arc indebeed to Ted Skalts and Joscph Assmus for expere eech-
nical pssistance, and o J. Christign Gillin, M.D., ar the University
of Califernia, San Diggo, for celsrorial asiaance. ;
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